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Abstract 

Accidental  or  intentional  falls  from  a  height  are  a  form  of  blunt  trauma  and  occur  frequently  in  forensic  medicine.  Reports  describing 
elevator  accidents  as  a  small  subcategory  of  falls  from  heights  are  rare  in  the  medical  literature  and  no  report  on  injury  patterns  or  scene 
reconstruction  of  such  an  accident  was  found.  A  case  of  an  accident  in  a  hydraulic  elevator  with  a  man  falling  3  m  was  examined  using 
post-mortem  multi-slice  computed  tomography  (MSCT)  and  autopsy.  The  man  suffered  an  unusually  extensive  trauma  and  died  at  the 
scene.  Post-mortem  MSCT  examination  showed  a  comminute  fracture  of  the  skull,  the  right  femur  and  the  first  lumbar  vertebra.  Severe 
lacerations  of  the  brain  with  epidural,  subdural  and  subarachnoidal  haemorrhages  over  both  hemispheres  were  diagnosed.  Autopsy  con¬ 
firmed  these  findings.  To  reconstruct  the  accident  we  used  radiological  and  autopsy  results  as  well  as  findings  at  the  scene. 
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1.  Introduction 

Accidental  or  intentional  falls  from  a  height  representing 
a  form  of  blunt  trauma  occur  frequently  in  forensic  medicine, 
but  elevator  accidents  form  a  small  subcategory  within  the 
falls  from  heights.1  The  reports  describing  elevator  accidents 
are  rare  in  the  medical  literature  and  no  report  on  injury  pat¬ 
terns  or  scene  reconstruction  of  such  an  accident  was  found. 

According  to  Gupta  et  al."  injury  patterns  of  persons 
who  die  after  a  fall  from  a  height  can  be  variable.  The  fall 
related  injuries  can  be  caused  by  direct  impact  resulting  in 
severe  injuries  of  the  impacted  body  region  or  by  indirect 
force  leading  to  injuries  in  a  body  region  distant  from  the 
impact.  Severity  of  the  injuries  can  be  influenced  by  a  num- 
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ber  of  factors  such  as  the  distance  of  the  fall,  the  body  ori- 
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entation  and  the  material  of  the  impact  surface.  “ 

A  fatal  occupational  accident  in  an  elevator  with  the  vic¬ 
tim  falling  3  m  was  examined  using  post-mortem  multi-slice 
computed  tomography  (MSCT),  which  is  currently  per¬ 
formed  in  selected  cases  at  our  institute.  The  documented 
skull  fracture  far  exceeded  the  expected  injury  after  a  low 
fall.  The  aim  was  to  reconstruct  the  accident  using  the  radio¬ 
logical  and  autopsy  results  as  well  as  findings  at  the  scene. 

2.  Materials  and  methods 

2.1.  Case 

A  48-year  old  elevator  maintenance  worker  was  working 
on  the  platform  of  an  elevator  still  under  construction 
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when  suddenly  the  platform  dropped  from  the  ground  level 
3  m  downwards  to  the  basement  level.  The  man  died  at  the 
scene  (Fig.  1).  The  only  witness  saw  him  standing  upright 
with  both  feet  on  the  platform  during  the  fall. 

2.2.  Data  of  the  elevator 

The  elevator  was  used  for  transporting  goods  from  the 
ground  to  the  basement.  The  platform  measured  4  x  2  m 
and  weighed  around  1500  kg.  It  was  moved  by  electric 
hydraulics,  using  the  so-called  piggyback  system  (Fig.  2). 
The  middle  hydraulic  pillar  was  responsible  for  transport- 


Fig.  1.  The  scene  with  the  victim  lying  on  the  elevator  platform  in  a  pool 
of  blood.  The  arrow  indicates  the  smeared  blood  including  downward 
oriented  blood  spatters  and  traces  of  brain  tissue  at  the  back  wall  of  the 
elevator  shaft. 


Fig.  2.  Photograph  demonstrating  the  electric  hydraulics,  so  called 
piggyback-system.  The  middle  hydraulic  pillar  was  responsible  for 
transporting  the  platform  to  an  intermediate  stop,  where  the  platform  is 
connected  with  the  two  other  outside  hydraulic  pillars  by  bolts.  Subse¬ 
quently,  the  outside  pillars  transported  the  platform  from  the  intermediate 
stop  to  the  ground  floor. 


ing  the  platform  to  an  intermediate  stop,  which  was  located 
3  m  below  the  ground  floor.  At  this  stop  the  platform 
became  connected  with  two  external  hydraulic  pillars  by 
bolts  and  subsequently  was  transported  by  the  pillars  to 
the  ground  floor.  During  construction  of  the  elevator  the 
maintenance  worker  had  to  check  audibly  whether  the 
bolts  locked  in  at  the  intermediate  stop. 

2.3.  Post-mortem  MSCT 

A  post-mortem  MSCT  of  the  body  was  performed  using 
a  6-row  scanner  (Emotion  6,  Siemens,  Germany)  prior  to 
autopsy.  A  collimation  of  6  x  1.25  mm,  a  slice  thickness 
of  1.0  mm  and  reconstruction  kernels  B30’s  and  B80’s  were 
used.  A  three-dimensional  volume  rendering  reconstruc¬ 
tion  was  performed  using  a  musculoskeletal  protocol. 

For  further  data  segmentation  MIMCS  software  (Mate¬ 
rialise,  Leuven,  Belgium)  was  used. 

3.  Results 

3.1.  External  inspection 

At  the  scene  the  victim  was  lying  in  a  right  lateral  posi¬ 
tion  across  the  platform  (Fig.  1).  There  were  extensive 
blood  spatters  on  the  platform  and  the  shaft.  At  the  back 
wall  of  the  shaft,  around  1.5  m  above  the  platform  level 
smeared  blood  with  downward  oriented  blood  spatters 
and  traces  of  brain  tissue  were  observed. 


Fig.  3.  External  inspection  of  the  body  shows  an  open  head  injury  with  an 
extensive  galea  laceration,  skull  fracture  and  severe  brain  laceration. 
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Fig.  4.  The  3D  reconstruction  of  the  MSCT  data  of  the  skull  presents  an  extensive  spider  web  fracture  system:  (a)  frontal  view;  (b)  left  lateral  view  and  (c) 
posterior  view. 


Fig.  5.  The  3D  reconstruction  and  segmentation  of  the  right  femur  demonstrate  the  compression-angulation  fracture  with  three  differently  coloured 
fragments:  (a)  angled  frontal  view;  (b)  angled  lateral  view  and  (c)  angled  posterior  view. 


An  open  head  injury  with  a  contusion  wound  at  the 
occiput  was  detected  (Fig.  3).  The  right  femur  showed  a 
malposition  as  a  sign  of  a  fracture. 

3.2.  Imaging 

The  MSCT  demonstrated  an  extensive  spider  web  skull 
fracture  with  impact  point  at  the  occiput  (Fig.  4).  Here  the 
skull  was  flattened  with  circumferential  fractures  and  frac¬ 
tures  radiating  into  the  skull  base  (Fig.  4).  The  comminuted 
skull  fracture  involved  the  entire  vault  and  all  three  cranial 
fossae  bilaterally.  Severe  laceration  of  the  brain  with  pneu- 
mocephalus,  an  extensive  frontal  epidural  haemorrhage 
with  bilateral  loosening  of  the  dura  from  the  bone  and  sub¬ 
dural  and  subarachnoidal  haemorrhages  over  both  hemi¬ 
spheres  were  diagnosed. 

Furthermore,  a  compound  compression-angulation 
fracture  of  the  right  femur  (Fig.  5)  and  an  anterior 
compression  fracture  of  the  first  lumbar  vertebra  were 
detected. 


3.3.  Autopsy 

The  autopsy  of  the  1 1 0  kg  heavy  man  confirmed  all 
radiological  findings.  Additionally  to  the  imaging,  symmet¬ 
rically  located  bleeding  in  both  nuclei  dentati,  in  the  cere¬ 
bellum  and  brainstem  haemorrhages  were  seen.  Distinct 
paleness  of  the  internal  organs  was  observed.  No  further 
relevant  findings  were  diagnosed. 

4.  Discussion 

In  low  falls  from  up  to  9  m  head  injuries  are  common 
and  mostly  lethal.2,5-10  It  is  suggested  that  the  high  inci¬ 
dence  of  head  injuries  in  free  low  falls  is  due  to  the  body 
orientation  along  its  centre  of  gravity.  ’  With  increasing 
height  the  head  injuries  are  associated  with  other  lethal 
injuries.2 

In  the  presented  case,  the  head  sustained  a  major  impact. 
MSCT  scan  findings  of  the  skull  showed  an  unusually  exten¬ 
sive  spider  web  fracture  with  a  large  impressed  area  of  the 
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back  of  the  skull,  suggesting  that  the  injury  was  caused  by  an 
impact  on  a  broad  flat  surface  (Fig.  4).  It  has  previously  been 
reported  that  a  fall  onto  a  broad  flat  surface  can  result  in  a 
comminuted  fracture  with  flattening  of  the  skull  at  the 
impact  point."  Corresponding  circular  fractures  often  repre¬ 
sent  the  degree  of  inbending  of  the  skull.11 

The  fracture  of  the  right  femur  was  diagnosed  in  MSCT 
as  a  compression-angulation  fracture.12  The  lumbar  verte¬ 
bral  fracture  was  diagnosed  as  an  anterior  compression 
fracture.  Both  are  fractures  typical  for  feet-first  injuries 
through  axial  loading.2,10,13-15 

Attempting  a  reconstruction  of  the  accident  we  assumed 
that  initially  both,  the  platform  and  the  deceased,  fell 
simultaneously  with  the  gravitational  force.  As  the 
deceased  was  observed  standing  on  the  platform  before 
the  fall  and  as  the  fall  depth  was  only  3  m,  the  various  pos¬ 
sibilities  for  body  orientation  as  described  and  analysed  in 
the  literature  in  typical  free-falls"’  were  not  given  in  this 
case.  This  supports  the  witness  description  of  a  “feet-first” 
fall.  It  is  exemplified  by  the  fact  that  the  diagnosed  charac¬ 
teristic  femur  and  vertebral  fractures  are  typically  caused 
by  an  axial  load.13,14 

The  impact  of  the  elevator  at  the  base  was  a  typical 
inelastic  collision  with  a  small  recovery  of  kinetic  energy 
(ke).  Therefore,  the  platform  accelerated  upwards,  gave 
an  additional  force  to  the  deceased  and  accelerated  him 
upwards.  Assuming  a  realistic  ke  recovery  factor  of  5%, 
the  force  acting  on  the  body  was  about  1  ton  and  he 
was  catapulted  back  with  an  initial  velocity  that  should 
result  in  a  height  of  about  6.5  m.  The  findings  at  the 
scene  with  smeared  blood  with  downward  oriented  blood 
spatters  and  traces  of  brain  tissue  at  the  back  wall  of  the 
elevator  shaft  (Fig.  1)  suggest  that  the  upward  accelera¬ 
tion  was  stopped  by  a  head-impact  of  the  deceased  on 
the  back  wall  of  the  elevator  shaft.  This  impact  and  pos¬ 
sibly  the  following  fall  onto  the  platform  must  have 
resulted  in  the  presented  massive  deformation  of  the 
skull. 

Because  of  the  transformation  of  the  falling  platforms 
kinetic  energy  into  a  subsequent  axial  force  affecting  the 
deceased  man  the  overall  kinetic  energy  was  greater  in  this 
case  compared  to  the  kinetic  energy  acting  on  a  body  by  a 
simple  3  m  fall  onto  the  ground.  This  caused  the  distinct 
fractures  of  the  axial  skeleton  and  the  comparatively  mas¬ 
sive  deformation  of  the  skull. 

In  the  presented  case  post-mortem  MSCT  correctly 
diagnosed  the  skeletal  injuries.  The  fact  that  the  body 
was  scanned  prior  to  autopsy  allowed  for  demonstration 
of  the  skull  fracture  pattern  in  situ  (Fig.  4),  which  was 
important  for  the  case  assessment.  The  reconstruction  of 
the  radiological  data  using  volume  rendering  reconstruc¬ 
tion  excelled  by  its  three-dimensional  visualisation  of  the 
extensive  skull  fracture. 

In  addition  to  the  imaging,  the  autopsy  showed  cerebel¬ 
lum  and  brainstem  haemorrhages.  The  latter  being  consid¬ 
ered  the  cause  of  death.  Post-mortem  magnetic  resonance 
imaging  examination,  providing  better  soft  tissue  contrast 


compared  to  MSCT  would  be  the  method  of  choice  for 
radiological  presentation  of  the  cerebellum  and  brainstem 
haemorrhages  as  previously  reported.16  18 

In  conclusion,  in  an  elevator  accident  in  addition  to  the 
height  of  a  fall,  the  circumstances  of  an  accident  contribute 
to  the  severity  of  the  injuries  and  therewith  to  a  fatal  out¬ 
come.  Exact  reconstruction  of  elevator  accidents  is  essen¬ 
tial  for  assessment  of  forensic  cases  as  well  as  for  the 
elevator  construction  industry. 

Post-mortem  MSCT  proved  to  be  a  useful  rapid  and 
non-invasive  documentation  and  reconstruction  tool  for 
examination  of  forensic  cases  with  traumatic  injuries. 
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